In order to make the resource tax better play its role of adjusting differential income and protecting resources, the Chinese government has implemented new types of resource taxes including "ad valorem duty" and "free fee and regulate tax" reform for oil, natural gas and coal resources. In this context, we evaluate the optimal design for the reform of a tax on non-ferrous metal resources. Here, we construct and use a resource computable general equilibrium (CGE) model, to investigate the optimal tax rate of copper resource under ad valorem duty in China. The results showed that the best tax rate is 12 %. Based on this optimal rate, a dynamic CGE model was built to analyze and dynamically forecast the macroeconomic impact of different taxes, providing insight into the best strategy to enable cost control for enterprises and efficient and effective policymaking by the government.
INTRODUCTION
As an important component of ecosystem, mineral resources play a crucial role in every field of human's production and life. At the same time, holdings of mineral resources are one of the basic indicators to measure comprehensive national power, the potential of national economic development and national strategic security [1] . Generally speaking, mineral resources can be divided into energy minerals, metal minerals, nonmetal minerals and water resources according to use criteria. Compared with other natural resources, mineral resources are limited, nonrenewable, scarce, dynamic and area distribution unbalanced. China is rich in mineral resources. On the one hand, there is a considerable variety of resources, and China has discovered 171 varieties of minerals, and 158 of them with proved reserves. According to early statistics of Ministry of Land and Resources, China's total amount of mineral resources account for about 12% of the world, and it is second only to United States and the Soviet Union, ranking third in the world. However, China's per capita holding of resources is only 58 % of the world average, ranking 53 in the world [2] . Therefore, China is also relatively poor in resources. On the other hand, since 1990s, with the huge demand for mineral resources caused by the acceleration of China's industrialization process and the predatory consumption of resources resulted from traditional pattern of economic growth, although national mining, dressing, smelting, production and sales are growing constantly, the pressure of self-sufficient in minerals is rising year by year and the reliance on overseas resources is increasing constantly. Meanwhile, the extensive utilization of resources has also caused enormous pressure on ecological environment.
Resource tax focuses on energy, mineral and other natural resources as the object of tax collection, as a way to adjust the income gap between different mines and to reflect real value of the state-owned resources [3] . The excess progressive tax (i.e. ad valorem duty) was the first form of resource taxing in China, begun in 1986.The government promoted the "Mineral resources law of the People's Republic of China", and simultaneously enacted a volume-based tax mechanism for seven resources, with the tax amounts specific for different provinces. However, with the rapid economic growth, this volume-based tax mechanism was insufficient to meet the new growing demand, due to its limitation of small range, low tax amounts, and a lack of correlation with actual values of resources [4] . As a result, the government has undergone many revisions to the initial policies of resource tax collection. Xinjiang, the reform pilot of China, changed the basis of taxation to reflect the amount of sales in 2010. Starting in November 1, 2011, "ad valorem duty" and "free fee and regulate tax" policies, were part of the increased regulation of oil and natural gas, targeting 5 % to 10 % of sales. On December 1, 2014, the government made further changes to taxing coal, adjusting its tax from 2% to 9% under ad valorem duty. Moreover, the government began to adjust the iron ore resource tax on May 1, 2015, decreasing the tax by 60 % in preparation for the next ad valorem duty reform on metal [4] . Similarly, research began to determine the best policy to adjust the nonferrous metal resource tax basis from amount to price, with focus aimed at optimizing quantitative rate design and performing macroeconomic impact analysis.
In the field of mineral resources, copper is of great significance. Due to its wide application and important role in national economic development. Of the 124 basic industries in China, 113 copper products [5] , showing copper's fundamental strategic position second only to oil. Currently, China is the largest copper consumer and copper products exporter in the world. However, China's mines have more lean ore, lack scale ore, and require high production costs. To extract the copper, the state of Chinese copper mining and usage in our country is shown in Figure 1 Figure 1 shows the insufficiency of Chinese copper production to meet demand. The main reason, besides the limitations of the natural resources, is related to low use efficiency of domestic mining. With the continued increase of demand, we should pay attention to the copper tax policy and determine its effect on development and resource utilization. Currently, China's copper resource tax policy includes both taxes and fees. The tax amounts have steadily increased (the first-class mining levy changed from 1.6 yuan/ton to 7 yuan/ton in 2008).
Using the copper resource tax as the breakthrough point and examining the recent relevant reforms for coal, oil and natural gas, we determine the optimal copper resource tax rate and analyze its macroeconomic impact under the ad valorem duty.
LITERATURE REVIEW
International research on resource tax has been relatively systematic and comprehensive. The ideas of "resource depletion" and "the theory of time "first introduced the idea and significance of resource tax collection [6] and were later modified to include variables of externalities [7] , market interest rates [8] , base period price [9] and government credibility [10] in improve the theoretical foundation of resource taxes. Different models and methods have been used for resource tax rate design and understanding non-renewable natural resources depletion value is used to determine optimal tax calculation. Barker designed Britain's "energyenvironment -economy" model to determine a reasonable range of carbon tax [11] . Boadway analyzed the tax rate for oil and minerals from a theoretical perspective using net rent calculation [12] , which took environmental issues into consideration. The effect of resource tax collections focused on the impact on specific industries. Kunce explored the consequences of tax changes on the oil industry in the United States [13] . Söderholm and Klaassen analyzed mineral products consumption and showed that the mineral raw material resource tax has high environmental utilization [14] .
In contrast, domestic research on resource tax has focused on tax basis, choice of tax and fee, and the Chinese resource tax system. Among Chinese scholars, there is near consensus that ad valorem duty is a better approach than volume-based resource taxing. For instance, Shang suggested Chinese resource taxes should be appropriately increased [15] . A free fee and regulate tax approach is similarly favored by Chinese academics. Ye and Hou proposed resource tax and mineral resources compensation fees are redundant with each other and only resource taxes can reduce management costs and enhance industry competitiveness [16] [17] . These taxes may also increase transparency to avoid disputes between different departments and reduce problems with rent-seeking corruption [18] . For the existing tax system in China, most scholars agree that the amount of unit resources tax collection is insufficient to reflect the differential profits between inferior and superior mine resources. In addition, the collection scope is also too narrow, contrary to the principle of equitable burden [19] .
These domestic and international studies relied on mostly qualitative analysis. Lin using the modified EI Serafy user cost method to estimate the cost of coal resource depletion, proposed that the coal resource tax rate should be 5 %~12 % under ad valorem duty [20] ; Wu determined that the optimal tax rate for natural gas' is 13 % using a CGE model [21] . The quantitative research on natural resource taxation has focused on coal, oil and natural gas, and the Chinese government has carried out the reform of ad valorem on these three resources. Here, we focus on quantitative-method based determination of the appropriate tax rate for less studied fields, such as nonferrous metal, which has not been studied previously.
We established a CGE model for our analysis and then calculated the optimal tax rate. Based on our results, we then built a dynamic CGE model to analyze and dynamically forecast the macroeconomic impact of different taxes and assess reform utility.
MATERIALS AND METHODS
The CGE model has been widely used in many fields including studies of resources, environment, public finance, and others. Using regional CGE model, Bollen studied the correlation between the cost of government climate policy and greenhouse gas emission [22] . Philip examined the feasibility of the replacement of gasoline with biodiesel in France with a dynamic CGE model and concluded that 10 % of the rate about authorization was insufficient to achieve the government intended target [23] . As can be easily seen, CGE provides a comprehensive approach for the study of resource tax rate design.
The CGE model
In addition to the basic parameters, a basic CGE model also includes the detailed database of various industry departments. Based on the known data, we established static (resource) and dynamic CGE models to design the optimal copper resource tax rate and analyze its macroeconomic impact in China. The selection of CGE was for the following reasons:
(1) The model is a widely accepted tool to study the resource tax, and is highly professional and specific;
(2) In China, there are existing policies [24] for coal, oil, natural gas and even comprehensive resources [25] to allow analysis of tax design and impact using CGE model, showing the effectiveness of this methodology.
(3) Applying dynamic CGE model to measure China's economic impact allows consideration the specific policies of the country, an effective improvement to the static CGE model.
For convenience, we do not consider foreign departments in the specific application of static CGE, but include production, consumption, and equilibrium to ascertain the optimal tax rate. On this basis, a dynamic CGE model is built using a dynamic recursive mechanism to study macroeconomic influence [26] , as shown in Figure 2 . 
where, Q, K, L, R respectively refer to the concept output, capital, labor and resource; A represents transfer parameters showing the technological progress of productivity; when the output is 1, , , are share parameters, based on K, L, R, all of which satisfy the same returns to scale. Both sides of the equation (1) were divided by L, to get equation (2) . The input of elements such as capital, labor and resources are converted into per capita elements. For output q.
Based on this, at a minimum cost for producers, equation (3) will be obtained, allowing calculation of the corresponding coefficients like per capita capital amount k and per capita resource consumption r. Where, Tk is capital rate, Tr refers to resource tax rates, and z, θ, w are the prices of capital, resource and labor, respectively. T1 means labor rates.
Equation (4) is obtained from equation (2) after the equation transformation of linear estimation.
(2) C-D unity equation, shown as equation (7) (8) and (9) = × ( + = 1)
where, Cp means private consumption and Cg is government consumption, m refers to residents' consumption elasticity coefficient, and n is the public consumption elasticity coefficient.
(3) Equalization module equation Equilibrium module means the supply and demand balance, shown as equation (10).
In addition, for producers, there is an equilibrium output and equilibrium capital price, where the marginal cost equals marginal revenue, shown as equations (11) and (12) . * =
Dynamic CGE model for macroeconomic impact
To reduce the necessary amount of calculation, we use the above resource model results and included a dynamic mechanism to build the dynamic CGE model, as follows:
In equation (13), the summation of the current capital stock deducts depreciation and the current investment becomes the capital stock in the next phase. Equation (14) shows the social labor supply in the next period, obtained as the current labor supply multiplied by population growth. Equation (15) shows the capital use-cost is equal to the product of the current investment price index and the summation of the current interest rate and discount rate. In equation (16) , all of the terminal investments are added to form the national total. For the resource recursive equation (17) , QE (t) is the total value of resources, ERE (t-1) is the resource recovery in last installment, QR (t) is the current capital stock, and w represents the degree of resource exploitation, as a time distribution function. P is the resource price.
The basic data and correlation parameters of CGE model
The benchmark database is the input-output table of 2010, so the corresponding variables are from Chinese statistical yearbooks from 2001~2010. The copper mine belongs to the second industry and the number of industrial workers employed at the end of ten years are the labor element for the production module. This is divided by the total annual industrial output value to get q, or GDP output in CGE model. Next, we used Huang's [27] 
on the data in the "China nonferrous metals industry yearbook", divided by the annual Chinese population to get the per capita resource consumption of copper. This is shown in Table 1 .
In the consumption module, we used data from 2001 to 2010 to estimate government consumption and the consumption elasticity coefficient for residents (using data from the China statistical yearbook). According to statistics, the average ratio was 2.48, the residents' consumption elasticity coefficient was 0.71, when the government is 0.29 and µ is 0.94. In addition, based on work from Ye [29] on the determination of fuel tax rates, we set the labor rate as 6.62 % and the capital tax rate as 45.65 %. Labor price was calculated based on the average wage $28651.6 of employed workers from 2006 to 2010. The resource price was obtained using copper revenues and output elements as 228.48 yuan/ton. The problem of how to process industrial data to analyze its impact was solved using the dynamic CGE model. Based on the literature, we classified the 42 units in China's input-output table of 2010 into 7 departments of agriculture, light industry, construction industry, service industry, energy and electricity industry, metal mining industry, and non-metallic mining industry. We used China's energy environment social accounting matrix (SAM) of the base period as the basic data in our CGE model. Using the method of minimum cross entropy, we examined the balance problem caused by different source and quality of statistical material in SAM. Additional data used were from the 2011 China statistical yearbook, the China financial yearbook, the China nonferrous metals industry yearbook, and the China energy statistical yearbook.
RESULTS AND DISCUSSION

The optimal rate of copper resource tax from static CGE
The linear parameter estimation results in the production module are presented in Tables 2 and 3 . The R 2 of the model was 0.987, 0.982 after adjustment. At 5% significance level, every coefficient can pass the test. Therefore, this paper will use the production function equation (18) and the utility function (19) in the production module. The solution is to seek a resource tax rate which can maximize the total utility of consumers and the impact on the economic system in the acceptable range through the model (this article selects 1 %). Table 4 When the tax rate is 12 %, consumer utility reaches the maximum, indicating the optimal copper tax rate is 12 %. Considering the direct and representative needs of results analysis, we choose the simulation result 12 % as the middle value and used 7 % and 20 % as a reference to evaluate the value of related elements to aggregate and analyze trends, as shown in Figures 4 and 5 . Table 5 summarizes the data on the combined impact of the copper resource tax under the three gradients. According to the date aggregation of the comprehensive influence of copper resource for the three tax rates, Figures 4 and 5 is the trend of the different elements change. The balanced capital usage and resource tax rates are positively correlated and the trend of per capita output is opposite. As copper mine resource tax rates increase, government spending increases but private consumption decreases gradually. 
The macroeconomic influence results from dynamic CGE
We tested 7 %, 12 %, 20 % as copper resources tax rates in the dynamic CGE model to analyze the influence of tax rate on macroeconomic under ad valorem duty, using the dynamic model to model to the year 2020. The simulation results are shown in Tables 6 and 7 .
From Tables 6 and 7 , we see that under the ad valorem duty system, GDP, output, and the impact strength of consumption are proportional to the copper mine resource tax rate. Additionally, the majority of industries are affected, but overall most changes are affordable. Figure 6 ) and technology development and policy changes after 2010 should be incorporated into future modelling to improve the accuracy of predictions.
From Figure 6 we see that China's economic has exhibited sustained growth since 2010, but the growth rate has slowed, especially in recent years. With the reduction in population and resources, high savings and investment proportion is also decreased. China's economy shows a new normal with growth of 7 %~8 %. To consider the effect of changes in technological progress, we used the method of Liu [30] about production technology. Under the restriction of resources and environment, we can determine the technical efficiency index (EFFM) and technological progress index (TECHM) by decomposing the productivity index (TFPM). Through additional calculations, the general trend of technological change is shown in figure 7 .
From Figure 7 , we see our country's technical efficiency growth is relatively stable, but the increase of technological progress is only -1.77 %. This shows obvious fluctuation under the constraint of resources and the environment, which greatly influence productivity. In conclusion, the trend of China's economic growth over the next few years depends on technical efficiency rather than technical progress. The Chinese government has used policy formulation, implementation, and supervision to promote the resource efficiency use of residents and businesses. To a certain extent, China's resource utilization is improving.
Combining the above analyses, we predict that economy and technology development will remain stable over the long term, although the economic growth rate fell slightly relative to the rte before 2010. The degree of resource consumption utility is stable within a certain error range given improvement of resource utilization. The data argues that in the next few years, China's industrial output and per capita capital will continue to grow. Within a certain error range, it will remain basically the same as the slope convergence in 2010. For our copper resource tax rate analysis, we can ignore data since 2010, but we must incorporate effects of recent economic, technological, and policy changes in recent years to determine specific tax rate and policy suggestions and ensure the effectiveness and reliability of our conclusions.
Analysis of the results discussed
Synthesizing the above results and combining with the principles of economic development, we theoretically calculate that the optimal tax rate of copper resource in China is 12%. Based on the 12 % rate, the macroeconomic impact of changes in copper resource tax rate are mainly as follows:
(1) Impact on economic development Tax changes will affect economic growth to a certain extent. Specifically, under ad valorem duty, the rise or fall of copper tax rate changes will make the enterprise's production costs change in the same way and thus affect its operating pressure and profits. The adjustment of the tax collection method will also affect the price of copper products, thus affecting the cost of copper material, the profit space of downstream enterprises, and indirectly affect import and export. The degree of the effect depends on the rate and the changing tax burden of copper enterprise.
(2) Impact on industries The industry most affected by the copper resource tax rate changes is energy electric power, whose annual copper consumption accounts for over 40 % of the total copper resources on average since 2005. As part of the recent comprehensive construction of a smart grid, copper processing products are widely used in power generation, power transmission, and electronic communication equipment, so the change in cost of raw materials due to the copper resource tax will have a great influence on China's electric power industry. The proportion of copper material use in Chinese construction industry is relatively low compared with that in developed countries. The total consumption is about 8 % on average from 2005 to 2010, but this industry Nay also be affected by copper resource tax rate changes in the future given the obvious growth trend.
(3) Impact on resource utilization Tax increases can promote copper enterprises' transformation from "production guide" to "profit-oriented," and therefore improve copper resource utilization. At the same time, it is beneficial for enterprises to make adjustments and upgrade technology to save costs and form new industrial patterns between copper enterprises. Furthermore, from the consumer's point of view, if copper tax rate is increased, copper prices will also rise accordingly, which promotes the conservation of resources to improve the efficiency of resource utilization. In the long run, these types of taxes can stimulate the progress of technology and promote industrial structure optimization to drive economic growth.
CONCLUSIONS AND POLICY IMPLICATIONS
With the creation of main mineral resources tax reform in China, the taxing of copper and other non-ferrous metals will similarly change. Under the pressure of both China's demand of copper and ecological environment, using a CGE model, we calculated the theoretical optimal copper tax rate and concluded that ad valorem duty of copper resource tax reform regulates differential income and has positive effects on industrial optimization and resource protection. Changes to the copper resource tax can promote improved, balanced, and sustainable development. Therefore, we put forward the following suggestions on copper resource tax reform:
(1) Change the volume-based tax mechanism to ad valorem duty and treat different enterprises and regions in different ways. In terms of copper, due to different resource quality, mining and selling prices will be different. The transformation to ad valorem duty will greatly enhance the adjustability between different taxpayers. Because the amount of tax depends on the revenues of enterprises, higher incomes pay more, and lower incomes pay less. Mining enterprises will change their behavior due to increases of product cost driven by the ad valorem duty reform. Therefore, we can protect the resource better by reducing exploitation and waste.
(2) Include all factors to formulate appropriate tax rate. In the copper company of Jiangxi, China, for example, the comprehensive tax was 4 % and then changed to7.8 % after tax reform in 1994 (Guo, 2004) . Based on the results in this paper and comparison with other developed countries for resource tax rates, China's copper tax rate is relatively low, and insufficient to address problems of resources exploitation. Combining the calculated optimal tax rate of 12 % and the present status of diminishing resource dividends, we propose 10.5 % as a reasonable tax rate for copper mine resources. Consideration of the actual situation of economic downturn and the low self-sufficiency rate of copper resources in China, this tax rate can float 1 to 2 %.
(3) Comply with the trend of "free fee and regulate tax," to allow tax utility maximization. At present, China's copper resources tax policy consists of a tax and fee collection mechanism, tax adjustment differential income, and mineral resource fees. However, the current copper tax and mineral resources fees are functional convergent. This approach not only failed to achieve the desired effect, but also adds to the burden of enterprises. Therefore, we argue that the copper resources tax should comply with the trend of reform and the government should adopt the policy that "free fee and regulate tax" and impose the compensation fees into a resource tax. The government can establish a specialized resource compensation fund with the tax collected to compensate for the environmental costs resulting from resource exploitation. This will have a positive effect to allow government to increase investment in resources and environment, reduce negative impact on resources exploitation, as well as raise the level of social welfare.
